T he angiographic images taken after initial suc- cessful coronary angioplasty are varied and have been classified by Holmes and coworkers1 as smooth-walled dilation, intraluminal haziness, intimal flap or intraluminal split and dissection, and aneurysmal dilation. More recently, intravascular ultrasound has been used to assess the morphology after percutaneous transluminal coronary angioplasty.2,3 These studies reveal major discrepancies with angiographic evaluation, but pathologic correlations have not been documented. To the best of our knowledge, Waller4 is the only one thus far who described the correlates between the angiographic images and the anatomy of the vessel wall at the site of angioplasty in humans. He suggested that a dilated arterial segment with a smooth outerlining correlated with minimal/ superficial or no wall laceration, whereas intraluminal haziness, characterized by a "ground glass" appearance of the contrast medium, was indicative of extensive and much more serious injury. These are important connotations with immediate clinical relevance. The present study has been undertaken because of this aspect as well as the fact that the author did not provide pictures showing the morphology in direct relation with the angiographic images. The present study documents angiographic-morphologic correlates in 12 patients, covering 19 sites of an initially successful coronary angioplasty. Methods The study is based on 12 patients who had undergone elective coronary angioplasty (9 because of stable angina and 3 because of unstable angina pectoris). The relevant clinical data are summarized in Table 1 . The interval between angioplasty and death ranged from 9 respect to the differentiation between smooth-walled dilation and haziness.
In each of the 12 patients, the heart was available for study. The precise site of angioplasty was decided by measuring the distance from the angiograms, using coronary ostia and bifurcation sites as points of reference. The arterial segments involved were sectioned serially. at 1-mm intervals, and the blocks were routinely processed. Each 1-mm coronary arterial segment was histologically seWry sectioned at 5-hum thickness, and every 10th and 11th section was mounted and stained with hematoxylineosin and elastica van Gieson stains, respectively. The histological study was performed by two pathologists who at the time of examination were unaware of the postangioplasty angiographic images. Once the angiographic and the pathologic studies were completed, a correlation was made between the findings. Results
Angiographic Classification
Following the criteria set by Holmes and coworkers,1 major problems arose with respect to the proper distinction between smooth-walled dilation and those changes designated as intraluminal haziness. In fact the intraluminal contrast frequently showed haziness (ground glass appearance) irrespective of a' smooth or an irregular outer lining'of the artery. The magnitude of the problem is best illustrated by the fact that simooth7-walled dilation without intraluminal haziness was diagnosed bay all three angiographern in only three instances. In-9 cases, the dilemma mentioned above led to disagreement with respect to a unanimous classification of a dilated segment as either smooth-walled dilation or intalumnal haziness and, hence, a categorization as in-between.
For these reasons, the classification of Holmes and coworkers1 was adjusted. Smooth-walled dilation was redefined as being characterized by a smooth outerlining of the arterial segment, present at bbth'sides and without intraluminal haziness. A second category consisted of a smooth-walled dilation but with intraluminal haziness. The third category was characterized by haziness that also affected the outerlining of the segment involved, thus causing a fuzzy outerlining on one or both sides, a condition more properly designated as' intraluminal and extraluminnal haziness.
Smooth-walled dilation was seen in 3 instances (Fig  1) . Smooth-walled dilation accompanied by intraluminal haziness occurred in 4 cases (Fig 2) , and intraluminal and extraluminal haziness was diagnosed in 5 cases (Figs 3 through 5) . A dissection was diagnosed in 6 cases (Fig 6) , and an aneurysmal dilation (Fig 7) was identified in one instance; in neither of these instances was there any disagreement between the three angiographers. An intimal tear or flap (as defined by Black 
AnfglWphic-Pathologic Corrltions
The results are summarized in Table 2 . Two of the 3 cases diagnosed as smooth-walled dilation showed a concentric atheromatous plaque with injury limited to the intina (Fig 1) . The thlird case presented an eccentric lesion with a laceration'that had extended into the superficial zone of the media.
The4,cases with 'an a image of smoothwalle dilation with inl showed 'a similarhistological oorrelation. In 2 cses, the injury was limited 'to the intimal lesion, both showij' a concentric type atherosleerotic plaque. In 2 other cases (1 eccentric and1tcotncntriclon), lagceration had extended intodthe me'dia, albeit rather superficialy (Fig 2) . 'These observations' contrast distincty with the pathology encountered in'the 5 Cases in which intralumil and e ainal haziness was'diagnpsed. In each of thes 5 arterial segments, an'eccentric lesion was found, with extensive laceration involving the media (Figs 3 through '5). In 1 patient (patient 9),'the catheter 'had been guided into the LAD (segment 7, the target lesion) and fA*ther into the diagioal branch (segment 10, a nontarget site). Balloon dilation led to an imtimal laceration-at the site ofthe'target lesion but caused extensive injury to an ecentric plaque in the diagnal 'branch, which resulted 'i medial distctin' (Fig 8) .
Six cases '(including 'the 1 nontarget' site mentioned above) showed the angographic image of a dissection, 5 of which showed thei extralumiiial type as' defined by Black and cowoke6 I h 'of these ' (Fig 6) . The remaining sixth case showed a spiral tear characteied by a double lumen with an almoMcentral slifike ra'diolucen area-extending in a l6ng i direto (Fi 9). In this' stance, a tear had started also at the shoulder region of an atherosclerodec plaque. However, a true 'dissection occurred that extended into the plaque-free wall, thus producing a false channel within the media.'Serial histological sections,' moreover, revealed that the false channel had entry sites both at its proximal and distal ends (Fig 9) .
The one case with an aneurysmnal dilation showed a partial washout of a, preexistset atheroma. (Fig 7) . (A, B) ; the nontarget site is indicated by double arrows (A, B) . At the target site, the postangioplasty angiogram (B, single arrow) shows smooth-walled dilation with intraluminal haziness and wall laceration (C, arrow) limited to the intimal lesion, at this stage (7 months after percutaneous transluminal coronary angioplasty) covered by a small rim offibrocellular (F) tissue. At the nontarget site, the postangioplasty angiogram (B, double arrows) was diagnosed as a dissection of the extraluminal type; the pathologic correlate (D), 7 months after the procedure, shows that extensive laceration occurred at the border area between the plaque and the plaque-free wall, producing medial dissection, presently largely filled by fibrocellular (F) tissue (elastic tissue stain; C, original magnification x 19; D, original magnification x30).
Discussion
This study has correlated the angiographic appearances of 19 coronary arterial segments, dilated during an elective angioplasty procedure, with the pathology at the target site. In 3 patients (5 sites), the interval between angioplasty and death allowed direct visualization of the laceration induced. Several important points emerge from this study. In 9 patients (14 sites), the lesions induced were traced on the basis of the fibrocellular tissue response triggered by the injury. In all instances, including the 2 patients who died more than 1 year after the angioplasty (patients 11 and 12), the reparative tissue was clearly identified and distinct from preexistent tissues, such as the atherosclerotic lesion, thus allowing the reconstruction of the initial injury irrespective of possible additional changes that could have altered the plaque. It is pertinent to this study, therefore, that the actual site of the angioplasty always could be traced because of a distinct laceration. Hence, there is no need to consider hypothetical remodeling mechanisms such as "chronic elastic recoil," proposed to explain restenosis without evidence of arterial wall injury.8
The angiographic classification proposed by Holmes and coworkers' caused problems, in particular because intraluminal haziness, characterized by a ground glass appearance of the contrast medium, and smooth-walled dilation were not mutually exclusive. It is for these (A, B) . The 
